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1. PURPOSE. This advisory circular (AC) provides information and
gui dance concerni ng an acceptabl e nmeans, but not the only neans, of
denonstrating conpliance with the requirenents of part 23 of the
Federal Aviation Regulations (FAR) regarding fatigue and fail-safe
eval uation of netallic airplane structure. Accordingly, this
material is neither mandatory nor regulatory in nature and does not
constitute a regul ation.

NOTE: This AC was devel oped from experience with certification of
nmetallic airplane structure; however, much of the material in this
AC is applicable to certification of conposite structure as well.
AC 20-107A, "Conposite Aircraft Structure,” dated April 25, 1984,
contai ns gui dance for certification of conposite aircraft
structure. The | oad spectra contained in Report AFS-120-73-2
(refer to paragraph 5a of this AC) should be used w thout clipping,
for conposite wing structure of part 23 airplanes.

2. CANCELLATION  Advisory CGircular 20-108, "Announcenent of
Avail abil1ty--Report No. AFS-120-73-2, Fatigue Evaluation of Wng
and Associated Structure on Small Airplanes,” dated July 17, 1978,
I's cancel | ed.

3. RELATED REGULATIONS. Sections 23.571, 23.572, 23.627, and
23.1529 of the FAR, Special Federal Aviation Regulations (SFAR) 41;
and Part 135, appendix A, of the FAR

4. BACKGROUND. Fatigue evaluation of pressurized cabins was first
required for small airplanes by anendnment 3-2 of the Cvil Air
Regul ati ons (CAR), Part 3, effective August 12, 1957, and it
continued to be a requirenent in the original part 23. Anmendnent
23-7, effective Septenber 14, 1969, introduced a fatigue requirenent
for the wing, wi ng carrythrough, and attaching structure. Amendnent
23-34, effective February 17, 1987, added conmuter category airplanes
to part 23, including an enpennage fatigue requirenent for these

ai rplanes. SFAR 41 (which applied to part 23 derivative-node

ai rpl anes) always had such a requirement. Anendnent 23-38, effective
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Cct ober 26, 1989, added a fatigue requirenent to 8§ 23.572 for
enpennage, canard surfaces, tandemw ng, and winglets/tip fins for
all part 23 airplanes.

BARRY D. CLEMENTS
Manager, Small Airplane Directorate
Aircraft Certification Service
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1. DEFI N TI ONS.

a. Fail-safe. Means that the structure has been evaluated to
ensure that catastrophic failure is not probable after fatigue
failure, or obvious partial failure, of a principal structural
el ement.

b. Safe-life. Means that the structure has been evaluated to
be able to wthstand the repeated | oads of variabl e magnitude
expected during its service |ife, wthout detectable cracks.

c. Failure. (See paragraph 2f.)

d. Principal Structural Elenents. Those structural elenents
that contribute significantly to carrying flight, ground*, or
pressurization | oads, and whose failure could result in
catastrophic failure of the airplane.

e. Primary Structure. That structure which carries flight,
ground*, or pressurization |oads, and whose failure would reduce
the structural integrity of the airfrane.

f. Single Load Path. Were the applied | oads are eventually
di stributed through a single nenber, the failure of which would
result in the loss of the structural capability to carry the
appl i ed | oads.

g. Miltiple Load Path. ldentified wth redundant structures
in which (wmth the failure of individual elenents) the applied
| oads woul d be safely distributed to other |oad carrying nmenbers.

h. Qipping. Limting the highest fatigue test |oads to a
| evel not exceeding Iimt load, or the |load | evel that is expected
to be equalled or exceeded only a small nunber of times (usually 10
for nmetallic structure) in the expected life of the fatigue
speci nen.

. Reliability. Refers to detail designs or nethodol ogi es
whi ch anal ysis, test, and service history has denonstrated to
provi de accept abl e servi ce.

j . Canard or Canard Configuration. An airplane having a
hori zontal [1fting surface (canard surface) forward of the main
lifting surface. A canard configuration is one in which the span
of the forward lifting surface is substantially |less than that of
the main lifting surface.

* NOTE Part 23 fatigue evaluation requirenents do not apply to
| andi ng gear or fuselage structure (except for pressure cabin);
however, ground | oads are to be included to the extent that they
af fect wi ng, enpennage, or canard structure.
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k. Tandem Wng Configuration. An airplane having two w ngs of
simlar span, nounted In tandem

|. Forward Wng. The forward |ifting surface of a canard or
tandem w ng configuration airplane. The surface may be a fixed or
vari abl e geonetry surface, with or without control surfaces.

m Wnglet or Tip Fin. An out-of-plane surface extending from
a lifting surface. The surface may or nmay not have contro
surf aces.

n. Stabilator. A novable horizontal tail surface conbining
the function of a horizontal stabilizer and el evator.

2. | NTRODUCTI ON

a. Deviation from Advisory G rcular Procedures. Although a
uni form approach to the evaluation required by 88 23.571 and 23.572
is desirable, it is recognized that in such a conplex field, new
desi gn features and nethods of fabrication, new approaches to the
eval uation, and new configurations could necessitate variations and
devi ations fromthe procedures described in this AC. C ose
adherence to the procedures contained in this AC should be
encour aged.

b. Test Background. Experience with the application of
nmet hods of fatigue evaluation indicates that a test background
shoul d exist in order to achieve the design objective.

c. Typical Loading Spectrum Expected in Service. The |oading
spectrum shoul d be based on neasured statistical data of the type
derived from governnent and industry |load history studies (e.g.,
references 10, 11, 12, 13, and 14 in appendi x 1) and, where
insufficient data are available, on a conservative estimte of the
anticipated use of the airplane. The principal |oads that should be
considered in establishing a | oading spectrumare, flight | oads
(gust and maneuver), ground | oads (taxiing, ground handling, engine
runup, thrust reversal and |anding), ground-air-ground (GAG cycles,
and pressurization | oads where applicable. The devel opnent of the
| oadi ng spectrumincludes the definition of the expected flight
pl an, which involves clinb, cruise, descent, flight tines,
operational speeds and altitudes, and the approxinmate tine to be
spent in each of the operating regines. Reference 17 (see appendi x
1) contains relevant data on the operating practices of general
avi ation airplanes. Operations for crew training and ot her
pertinent factors, such as the dynam c stress characteristics of any
flexible structure excited by turbul ence, should al so be consi dered.

In situations where statistical data are available on simlar
aircraft configurations, operating conparable flight profiles, it
is acceptable to use these data directly without resorting to a
flight-by-flight | oad spectrumdefinition. For pressurized cabins,
t he
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| oadi ng spectrum shoul d i nclude the repeated application of the
normal operating differential pressure, and the superinposed effects
of flight | oads and external aerodynam c pressures. |In sone
designs, the wing center section skin panels may be affected by
cabin pressurization. 1In such cases, the effect of cabin
pressurization should be included (locally) in the wing |oading
spect rum

d. Areas to be Evaluated. 1In assessing the possibility of
serious fatigue failures, the design should be exam ned to determ ne
probabl e points of failure in service. |In this exam nation,

consi deration should be given, as necessary, to the results of
stress anal yses, static tests, fatigue tests, strain gage surveys,
tests of simlar structural configurations, and service experience.
Servi ce experience has shown that special attention should be
focused on the design details of inportant discontinuities, main
attach fittings, tension joints, splices, and cutouts such as access
panel s and ot her openi ngs.

e. Analyses and Tests. Unless it is determned fromthe
foregoi ng exam nation that the nornmal operating stresses in specific
regions of the structure are of such a | ow order that serious
fatigue crack gromh is inprobable, repeated | oad anal yses or tests
shoul d be conducted on structures representative of conponents or
subconponents of the pressure cabin, w ng, enpennage, and their
related primary attachments. Care should be taken to account for
| oads that may be overl ooked because of their relatively infrequent
occurrence, e.g., landing gear and flap extension and retraction
| oads. Test specinens should include structure representative of
attachnent fittings, mpjor joints, changes in section, cutouts, and
di scontinuities. Any nethod used in the anal yses should be
supported, as necessary, by test, service experience, or a
conbi nati on of bot h.

f. Definition of Failure. For single |load path netallic
structure, failure 1s the devel opnent of a detectable crack. A
detectabl e crack is one that can be detected by the inspection
nmet hod(s) routinely used, or the inspection nethod(s) required in
t he mai ntenance instructions. For nultiple |oad path structure,
failure is the devel opnment and propagati on of cracks, such that the
structure can no longer carry the required | oad w thout excessive
def or mati on.

3. SAFE- LI FE FATI GUE EVALUATI ON.

a. Ceneral. The evaluation of the structure under the
follow ng fatigue strength evaluation nethods is intended to ensure
that the structure is able to withstand, w thout catastrophic
failure, the repeated | oads of variable nagnitude expected in
service throughout its operational life. Under these nethods,
| oadi ng spectra should be established, the fatigue life of the
structure for the spectra should be determ ned, and a scatter factor
shoul d be applied to the fatigue life to establish the safe-life for
the structure. This evaluation should include the follow ng;
however, occasionally it m ght be necessary to correlate the
| oadi ngs used in the analysis with flight |oad and strain surveys:

3
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(1) Estimating or neasuring the expected | oading spectra for
the structure;

(2) Conducting a structural anal ysis including
consi deration of the stress concentration effects;

(3) Fatigue testing of structure that cannot be related to
a test background to establish response to the typical | oading
spectrum expected in service;

(4) Determning reliable replacenent tinmes by interpreting
the |l oading history, variable | oad anal yses, fatigue test data,
servi ce experience, and fatigue anal yses; and

(5) Providing data for inspection and mai nt enance
i nstructions and gui dance information to the operators.

b. Scatter Factor for Safe-life Determination. In the
interpretation of fatigue anal yses and test data, the effects of
variability should, under 88 23.571 and 23.572, be accounted for by
an appropriate scatter factor. Relating test results to the
recomended safe-life is extrenely difficult since there are
consi derations peculiar to each design and test that necessitate
eval uation by the applicant. These considerations depend on the
nunber of representative test specinens, the material, the type of
speci nen enpl oyed, the type of repeated |oad test, the |load |evels,
and environnental conditions. Cuidance for selecting scatter
factors is contained in the report listed in paragraph 5a(l).

c. Replacenent Tines. Replacenent tines should be established
for parts wmth established safe-lives, and these should be included
in the information prepared under § 23.1529 (di scussed in paragraph
3f). These replacenent tinmes can be extended if additional data
i ndi cates an extension is warranted. Inportant factors that should
be consi dered for such extensions include, but are not limted to,
the follow ng:

(1) Service Experience. Conparison of original evaluation
Wi th service experience. Sone inportant factors that should be
consi dered are:

(i) nunber of airplanes that have been used over an
extended life tine;

(ii) conparison of the operational and environnental
conditions of such airplanes with that of
the majority of the existing fleet;

(ii1) scatter factor selected for the safe-life
determ nati on; and ot hers.
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(2) Recorded Load and Stress Data. Recording |oad and
stress data entails i1nstrunenting alrplanes in service to obtain a
representative sanpling of actual |oads and stresses experienced.
The data to be neasured include airspeed, altitude, and | oad factor
versus tinme; or airspeed, altitude, and strain ranges versus tineg;
or simlar data. The data, obtained by instrunenting airplanes in
service, provide a basis for correlating the estimated |oading
spectrumwi th the actual service experience.

(3) Additional Analyses and Tests. |If test data and
anal yses based on repeated | oad tests of additional specinens are
obt ai ned, a reevaluation of the established safe-life should be
made.

(4) Tests of Parts Renoved from Service. Repeated |oad
tests of replaced parts can be utilized to reevaluate the
established safe-life. The tests should closely sinmulate service
| oadi ng conditions. Repeated |oad testing of parts renoved from
service is especially useful where recorded | oad data obtained in
service are avail able, since the actual |oading experienced by the
part prior to replacenent is known.

(5 Repair or Rework of the Structure. In sone cases,
repair or rework of the structure can gain further life; e.g., by
ream ng or cold working of holes and installation of interference
fit fasteners. Such repair or rewrk should be supported by
anal ysi s and/or tests.

d. Type Design Devel opnents and Changes. For design
devel opnents or design changes I nvol ving structural configurations
simlar to those of a design already shown to conply with the
appl i cabl e provisions of 8 23.572(a), it mght be possible to
eval uate the variations in critical portions of the structure on a
conparative basis. Typical exanples would be, redesign of the w ng
or enpennage structure for increased |oads. This evaluation should
i nvol ve anal ysis of the predicted stresses of the redesigned
primary structure and correlation of the analysis with the
anal ytical and test results used in show ng conpliance of the
ori ginal design

e. Environnental effects such as tenperature and humdity
shoul d be considered In the fatigue and fail-safe evaluation if
suscepti ble materials are enpl oyed, or the expected service
envi ronnent may cause corrosion, pitting, etc., which would reduce
the predicted fatigue life.

f. Conti nued Ai rwort hi ness.

(1) Instructions for Continued A rworthiness are required
by 8 23.1529, and they are to be prepared in accordance with
appendi x G of part 23. Paragraph (3.4 requires that each mandatory
repl acenent tine, structural inspection interval, and related
structural inspection procedure required for type certification be
in the Airworthiness Limtations Section of the Instructions for
Conti nued Airworthiness. Therefore, any life limts on airframe
parts or
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i nspections required, including information such as required

cl anpi ng torques, protective coatings, etc., determned fromthe
fatigue or fail-safe evaluation, nust be provided in the above-
menti oned docunent.

(2) Severe usage operation is characterized by short flight
duration, frequent maneuvering, or unusually low altitude operation,
e.g., comuter airline service, air taxi, basic flight instruction,
aerial application, pipeline patrol, forest fire fighting,
navi gation aids inspection, etc. |If severe usage operation is
antici pated where the gust or maneuver |oad spectrumis nore severe,
or if flight duration is significantly shorter than that used in the
fatigue testing and anal ysis, additional inspections or reduced
i nspection intervals should be included in the A rworthiness
Limtations Section of the Instructions for Continued Airworthiness,
for application when the airplane is enployed in such operations.

4. FAI L- SAFE EVALUATI ON

a. Ceneral. The fail-safe strength evaluation of the flight
structure and pressure cabin structure is intended to ensure that
should a service fatigue failure or obvious partial failure occur,
the remaining structure can withstand the pressurization and flight
| oads required by 88 23.571 and 23.572, w thout excessive
structural deformation. The fail-safe evaluation generally
enconpasses establishing the conponents that are to be nade fail -
safe, defining the |oading conditions and extent of damage for
whi ch the structure is to be designed, conducting structural tests
and anal yses to substantiate that the design objective has been
achi eved, and establishing inspection prograns ained at early
detection of fatigue damage. Design features that may be used in
attaining a fail-safe structure are:

(1) Use of nultipath construction and the provision of
crack stoppers to limt the growth of cracks.

(2) Use of conposite (i.e., nore than one el enent)
duplicate structures so that a fatigue failure occurring in one-
hal f of the conposite nenber will be confined to the failed half
and the remaining structure will still possess the | oad-carrying
ability required by 88 23.571 and 23.572.

(3) Use of backup structure wherein one nenber carries al
of the load, with a second nenber avail able that can assune the
extra load if the primary nenber fails.

(4) Selection of stress levels and materials with | ow
notch sensitivity (particularly for conponents with high stress
concentration) that provide a controlled slow rate of crack
propagati on conbi ned with high residual strength after initiation
of cracks.
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(5) Arrangenent of design details to permt easy detection
of failures in all critical structural elenents before the failures
can becone dangerous or result in a loss of strength bel ow t hat
required by 88 23.571 and 23.572, and to permt replacenent or
repair.

NOTE: Subparagraphs 4a(4) and (5) are exanpl es of good design
practice and enhance fail-safe design concepts, but they cannot be
used al one to achieve fail-safe design

b. Identification of Principal Structural Elenents. Principa
structural elenents are those structural elenents that contribute
significantly to carrying flight, ground*, or cabin pressurization
| oads, and whose failure could result in catastrophic failure of
the airplane. Typical exanples of such elenents are as foll ows:

(1) Wng, horizontal stabilizer, vertical fin, canard,
forward wing, winglets/tip fins:

(1) Fi xed surface, stabilator, or trimmuable
stabilizer attachnment fittings;

(ii) Integrally stiffened pl ates;
(tit) Primary fittings;
(iv) Principal splices;

(v) Skin or reinforcenment around cutouts or
di scontinuities,;

(vi) Skin-stringer conbinations;
(vii) Spar caps; and
(viii) Spar webs.
(2) Pressurized cabin.
(1) Crcunferential frames and adjacent skin;
(ii) Pressure bul kheads;
(ii1) Cockpit w ndow posts;

(iv) Skin and any single frame or stiffener el enent
around a cutout;

* NOTE Part 23 fatigue evaluation requirenents do not apply to
| andi ng gear or fuselage structure (except for pressure cabin);
however, ground | oads are to be included to the extent that they
af fect wi ng, enpennage, or canard structure.
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(v) Skin or skin splices, or both, under
circunferential | oads;

(vi) Skin or skin splices, or both, under fore and aft
| oads;

(vii) Skin around a cutout;

(viii) Skin and stiffener conbinations under fore and
aft | oads;

(ix) Door frames, skins, and | atches; and
(x) W ndow franes.

c. Extent of Fail-safe Danage. Each particular design should
be carefully assessed to establish appropriate damage criteria. 1In
any fatigue damage determ nation, when it is not possible to
establish the extent of damage in terns of an "obvious parti al
failure," the damage shoul d be considered in terns of the conplete
failure of the single elenent involved. Thus, an obvious parti al
failure can be considered to be the extent of the fail-safe damage,
provided a positive determnation is nade that the fatigue cracks
are expected to propagate in the open; for exanple, exterior skin
cracks that can be detected by a visual inspection at an early
stage of the crack devel opnent. Another exanple of an obvious
partial failure is excessive cabin pressure | eaks as evidenced by
the inability to nmaintain cabin operating pressure. Typica
exanpl es of the fatigue damage that should be considered are
outl i ned bel ow

(1) Skin cracks in splice joints and those emanating from
the edge of structural openings or cutouts that can be readily
detected by visual inspection of the area.

(2) Failure of one elenent where dual construction is used
i n conmponents such as spar caps, W ndow posts, w ndow or door
frames, and skin structure.

(3) The presence of a fatigue failure in at |east the
tension portion of the spar web or simlar elenents.

(4) Failure of one elenent of primary attachnents, such
as: W ng and enpennage fixed surface or stabilator attach
fittings.

(5) Excessive loss of stiffness under | oad as evidenced by
excessi ve defornmation.

d. Inaccessible Areas. Every reasonable effort should be nmade
to ensure i1nspectability of all principal structural elenents as
required by 8 23.611. In cases where inaccessible or blind areas

are unavoi dabl e, enphasis should be placed on determ ning crack
propagation and residual strength of the particular fatigue-damaged
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structure, to ensure continued airworthiness of the structure with
reasonabl e i nspection methods and controls by the operator.

Al ternate procedures would be to provide additional fatigue strength
to preclude fatigue cracking in the blind elenent or to conduct
fatigue tests of the blind areas to establish that a high service
life is provided. Particular attention should be given to corrosion
prevention in inaccessible areas.

e. Dynamc Effects. The dynam c magnification factor of 1.15,
required by 88 23.571 and 23.572, should be applied to all | oads,
i ncludi ng pressure cabin |oads, unless fail-safe cuts are made under
| oad, or the dynamc effects are shown to be negligible by dynam c
test data froma simlar structure.

f. Testing of Principal Structural Elenents. The nature and
extent of tests on conplete structure and/or portions of the primary
structure will depend upon previous experience with simlar types of
structures regarding tests of this nature and the crack propagation
characteristics of the structure. Single elenents or nenbers such as
stringers and spar caps should be conpletely severed and 1.15 tines
the critical fail-safe |oad applied after severing. |In cases where
definite evidence is furnished that the dynamc failure effects are
not present, the 1.15 factor nmay be elimnated or reduced in
accordance wth the effects noted. Sections 23.571 and 23.572
require that the remaining structure can withstand a static ultinmte
| oad factor of 75 percent of the critical limt |load factor at W

Alternatively, the fail-safe | oads may be applied to the structure
before severing, and the 1.15 factor omtted. |In this case, the test
speci men and test fixture nust be carefully designed to ensure that
the correct dynamc effects are obtained. |In the case of distributed
menbers such as a sheet-stringer conbination or an integrally
stiffened tension skin, a cut may be nmade to represent an initia
crack in the elenent under test. |If there is no failure, the length
of the cut may be increased with the fail-safe | oad applied until

ei t her:

(1) The fail-safe danage has been sinul ated; or

(2) The crack propagation rate decreases due to
redi stribution of |oad paths; or

(3) Crack propagation stops due to a crack stopper.

The sinul ated cracks should be as representative as possi bl e of

actual fatigue damage. |In cases where it is not practical to produce
actual fatigue cracks, danage may be sinulated by cuts made with a
fine saw, sharp blades, or a guillotine. |[If sawcuts in primary

structure are used to sinulate sharp fatigue cracks, sufficient

evi dence shoul d be available fromelenent tests to indicate

equi val ent residual strength. |In those cases where it is necessary
to simul ate damage at joints or fittings, bolts may be renoved to
simulate the failure if this condition represents an actual failure.
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g. Analysis of Principal Structural Elenents. |In sone cases,

the fail-safe characteristics may be shown analytically. The

anal yti cal approach may be used when the structural configuration

involved is essentially simlar to one already verified by fail-safe

tests, whether conducted on a previously approved type design or on

other simlar areas of the design currently being eval uat ed.

The anal yti cal approach nmay al so be used when conservative failures
are assuned such that the failure would be detected considerably
before the critical crack length is approached, and margi ns of safety
resulting fromthe analysis are considerably nore than the fail-safe
residual static strength level. 1In any such analysis, the 1.15
dynam ¢ magni fication factor should be included unless it can be
shown (as indicated in paragraph 4e above) that this factor is not
required.

h. Selection of Critical Areas. Typical single principal
structural elenents and detail design points requiring investigation
are identified under paragraph 4b. The process of determ ning where
fail -safe danmage should be sinulated in an el enent, such as a w ng
spar cap or fuselage frane, requires use of sound engi neering
judgnent that takes into account a variety of factors, such as:

(1) Conducting an analysis to | ocate areas of maxi num stress
and | ow margi n of safety.

(2) Conducting strain gage surveys on undanmaged structure
to establish points of high stress concentration as well as the
magni t ude of such concentration

(3) Examning static test results to determ ne |ocations
wher e excessi ve defornmations occurred.

(4) Determning fromrepeated |load tests where failure my
have initiated or where the crack propagation rate is a maxi num

(5) Selecting locations in an elenent (such as a spar cap)
where the stresses in adjacent elenents (such as the spar web or w ng
skin) would be the maxinumw th the spar cap fail ed.

(6) Selecting points in an elenent (such as a spar web or
frame) in which high stress concentrations are present in the
residual structure with the web fail ed.

(7) Assessing detail design areas that service experience
records of simlarly designed conponents indicate are prone to
fatigue damage.

(8) Areas susceptible to operational damage, such as:
forei gn object damage, corrosion, etc.

10
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i . Inspection. Detection of fatigue cracks before they becone
dangerous 1s the ultimate control in ensuring the fail-safe
characteristics of flight structure and pressurized cabi n.
Therefore, the aircraft manufacturer should provide sufficient
gui dance information to assist operators in establishing the
frequency and extent of the repeated inspections of the critical
structure or critical areas.

Where these inspections involve nore than a general visual inspection
of external and easy access areas, then frequency and extent are to
be included in the information prepared under 8 23.1529 (discussed in
par agraph 3f).

5. ANALYSI S PROCEDURES.

a. Load Spectra. Exanples of typical fatigue analysis, |oad
spectra, and recommended procedures for devel oping | oad spectra are
presented in the foll ow ng FAA reports:

(1) FAA Report No. AFS-120-73-2: "Fatigue Eval uation of
Wng and Associated Structure on Small Airplanes,” My 1973.

(2) FAA Report: "Fatigue Evaluation of Enpennage, Forward
Wng and Wnglets/Tip Fins on Part 23 Airpl anes."

(3) Report DOT-FAA-CT-91-20, "General Aviation Airplane
Nor mal Accel eration Data Analysis and Coll ection Program" Decenber
1992 (reference 12 in appendix 1).

Ref erences 13 and 14 listed in appendix 1 also contain recorded
| oad spectra.

Avai lability: (1) The first report above may be ordered (Accession
No. AD 762832) fromthe National Technical Information Service
(NTI'S), 5285 Port Royal Road, Springfield, VA 22161 (tel ephone
nunmber: (703) 487-4650). (2) The second report above is expected
to be published and be available fromNTIS later in 1993. (3) The
third report is expected to be available fromNTIS shortly after
publication of this AC

b. Mitual Influence of Aerodynam c Surfaces. The total
aerodynam c |l oads on the wng and tail surfaces of a conventiona
ai rpl ane can be predicted with reasonabl e accuracy using geonetry,
airfoil section data, and enpirical equations to account for w ng
downwash effects. Furthernore, the total surface aerodynam c | oads
can be distributed spanwi se sinply, and with reasonabl e accuracy.
Until sufficient data have been generated to be able to devel op
sinplified nethods, sone formof |lifting surface or full
configuration aerodynam c theory is recommended to eval uate the
effects of the forward wi ng and any out-of - pl ane surfaces such as
wi nglets. Typical procedures are discussed in reference 18.

1
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Many anal ysis techni ques are already avail able comercially, and
ot hers are under devel opnent. A conparison of several production
codes is presented in reference 19.

c. Propeller Slipstreamand Buffet Loading. Structural | oading
resulting frompropeller slipstream or buffet from vortex

i npi ngenment shoul d be eval uated, specifically, if structura

vi bration nodes are excited by propeller blade passage frequencies.
If significant, these |oads should be included in the | oad spectrum
Since there are no reliable analytical techniques available to

eval uate these effects, flight test neasurenents shoul d be used.
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APPENDI X 1

RELATED READI NG MATERI AL AND REFERENCES

1. "Fatigue of Aircraft Structures,”" H J. Gover, Battelle Mnoria
Institute. NAVAIR Publication 01-1A-13, Naval Air Systens Comrand,
Department of the Navy, 1966.

2. "Fatigue and Fracture Mechanics," H F. Hardrath, NASA Langl ey
Research Center. Journal of Aircraft, Volume 8, Nunbera3, Anerican
Institute of Aeronautics and Astronautics, March 1971.

3. "Fatigue of Aircraft Structures,” J. Schijve, Departnent of

Aer ospace Engineering, Delft University of Technol ogy, Netherl ands,
April 1986. Available fromthe National Technical Infornmation
Service (NTIS), accession nunber N87-27656 (refer to paragraph 5a
for ordering information).

4. Chapter 15 in "Airframe Structural Design,” MCY. Niu,
Lockheed Aeronautical Systenms Conpany. Comit Press Ltd., 1988.

5. "Metal Fatigue: Theory and Design," A F. Madayag (Editor),
Uni versity of Southern California at Los Angeles. John Wley &
Sons, Inc., New York, 1969.

6. Chapter Cl3 in "Analysis & Design of Flight Vehicle
Structures,"” E. F. Bruhn, Purdue University. Tri-State Ofset
Conpany, Cincinnati, Onhio, 1965.

7. "Fatigue in Aircraft Structures” AL M Freudenthal (Editor),
Col unbi a University. Academ c Press, Inc., New York, 1956.

8. ASTM Standard E1150, "Standard Definitions of Ternms Relating to
Fatigue,"” Anmerican Society for Testing and Materials, Philadel phia,
Pennsyl vani a, 1987.

9. ASTM Speci al Technical Publication No. 91-A "A Cuide for
Fatigue Testing and the Statistical Analysis of Fatigue Data,"”
Anmeri can Society of Testing and Materials, Philadel phia,
Pennsyl vani a, 1963.

10. FAA Report No. AFS-120-73-2, "Fatigue Evaluation of Wng and
Associ ated Structure on Small Airplanes,"” Federal Aviation
Adm ni stration, Washington, D.C , 1973.*%*

11. FAA Report, "Fatigue Evaluation of Enpennage, Forward Wng and
Wnglets/ Tip Fins on Part 23 Airplanes,"” Federal Aviation
Adm ni stration, Kansas City, Mssouri.*

* NOTE: Refer to par. 5a of this AC for ordering information and
availability.
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12. Report DOT- FAA- CT-91-20, "General Aviation Airplane Nornal

Accel eration Data Analysis and Collection Program"” E. A Gabriel and
T. DeFiore, FAA; J. E. Locke and H W Smth, University of Kansas
Center for Research, Inc. Federal Aviation Admnistration,

Washi ngton D. C., Decenber 1992. *

13. NASA Techni cal Menorandum 84660, "Tabul ati on of Recorded Cust
and Maneuver Accel erations and Derived Gust Velocities for Airplanes
in the NASA VGH CGeneral Aviation Program"™ J. W Jewel, Jr., Langley
Research Center, Hanpton, Virginia, Septenber 1983.

14. Engi neering Sciences Data Unit (ESDU) |Item 69023, "Average QGust
Frequenci es, Subsonic Transport Aircraft,” with Anendnents A through
C (1979), Amendnment D (March 1989). **

15. Engineering Sciences Data Unit (ESDU) |Item 80007, "Endurance of
Al um num Al l oy Lugs with Nominally Push-fit Pins (tensile mean
stress),"” with Arendnment A, Septenber 1984.**

16. Engineering Sciences Data Unit (ESDU) Item 79024, "Estimation of
Endurance of Civil Aircraft Wng Structures,"” Cctober 1979.**

17. NASA Techni cal Menorandum 89074, "Flight Duration, Airspeed
Practices, and Altitude Managenent of Airplanes Involved in the NASA
VGH General Aviation Program"™ J. W Jewel, Jr., Langley Research
Center, Hanpton, Virginia, August 1987.

18. Al AA paper 88-4462, "Canard Certification Loads - Progress Toward
Al'l eviati ng FAA Concerns,” T. J. Barnes and E. A Gabriel, Federal
Avi ation Adm nistration. Published by American Institute of
Aeronautics and Astronautics, Septenber 1988.

19. Al AA paper 85-0280, "Subsonic Panel Methods - A Conparison of
Several Production Codes,” R J. Margason; S. O Kjelgaard; W L.
Sellers, Ill; C E K Mrris, Jr., NASA Langl ey Research Center,
Hanpton, VA, K B. Walkly; E. W Shields, Kentron International, Inc.
Publ i shed by Anerican Institute of Aeronautics and Astronautics,
1985.

20. FAA Advisory Circular No. 20-95, "Fatigue Eval uation of
Rotorcraft Structure," Federal Aviation Adm nistration, Washington,
D.C., 1976.

NOTES: *Refer to par. 5a of this AC for availability.

**Avail able from ESDU International, P.O Box 1633,
Manassas, Virginia, 22110. Tel ephone: (703) 631-4187.



